**Chronic traumatic encephalopathy (CTE) is a neuropathologically defined tauopathy**: CTE is closely related with repetitive, traumatic brain injury. In a most recent study of 202 deceased players of American football from a brain donation program, CTE was neuropathologically diagnosed in 177 players across all levels of play (87%), including 110 of 111 former National Football League players (99%) (Mez et al., 2017). Consistent with a progressive and neurodegenerative nature, the CTE presentation does not appear until midlife, usually decades after the repetitive brain trauma, and are not simply the aggravation of symptoms from earlier concussions or injuries. At early stage, patient may complain about headache and loss of attention, short-term memory difficulties, depression and impulse control problems. As the disease progresses, symptoms become more severe, with worsening memory impairment, worsening executive dysfunction, language difficulties, and motor disturbance. The patient would become eventually demented and more than 30% patients are suicidal at end stage. As the presentation differs in each individual and most symptoms are rather non-specific, the definitive diagnosis can only be made by postmortem neuropathologic examination. In 2016, the first National Institute of Neurological Disorders and Stroke/National Institute of Biomedical Engineering and Bioengineering (NINDS/NIBIB) consensus meeting defined CTE as a clearly distinct neurodegenerative disease consisting of p-tau aggregates in neurons, astrocytes, and cell processes around small vessels at the depths of the cortical sulci (McKee et al., 2016). It is critical to note that the pathognomonic change has only been found in individuals who were exposed to brain trauma, typically multiple episodes. This is important because neuronal and glial tau inclusions are the pathologic hall marker for other major neurodegenerative diseases, including Alzheimer\'s disease (AD) and various tauopathies of frontotemporal lobar degeneration (FTLD-tau) (Sun and Chen, 2015). Nevertheless, like in AD and primary tauopathies, what triggers the pathological conversion of the physiologically microtubule-associated protein to misfold and aggregate in CTE is still elusive.

**Pathologic aggregation of tau and TAR DNA-binding protein 43 (TDP-43)**: Intriguingly, phosphorylated TDP-43, previously identified as the common pathologic proteinopathy linking frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS) (Neumann et al., 2006), is found in more than 80% CTE cases (McKee et al., 2016), raising the question whether there is a "pathologic synergy" between these two proteins. TDP-43 is a ubiquitously expressed nuclear protein and has a high-binding affinity for either TG repeats in DNA or UG repeats in RNA through its N-terminal RNA recognition motifs (Ling et al., 2015). In contrast, the glycine rich, prion-like C-terminus harbors most of the mutations associated with ALS/FTD and mediates the protein-protein interactions important for transcription, pre-mRNA splicing, mRNA stability and transport (Ling et al., 2015). In ALS/FTD patients, TDP-43 is truncated, phosphorylated, ubiquitinated, and aggregated in the cytoplasm of neuron and glial cells, coinciding with the depletion of nuclear TDP-43 (Neumann et al., 2006). Recent studies has begun to shed some lights on the possible link between TDP-43 and tauopathy. Liu\'s group found that TDP-43 bound to two (UG)n elements at the 3'-UTR of tau mRNA and promoted its instability, resulting in a negative regulation of tau expression (Gu et al., 2017b). Interestingly in AD cerebellum where it is known to be free of tau pathology, TDP-43 was maintained at a higher level and the tau expression was decreased compared with control cerebellum. Importantly, both full-length and truncated TDP-43 were decreased in the frontal cortices in AD brains, whereas the total tau level was increased, suggesting a downregulation of TDP-43 may contribute to tau accumulation through decreased tau mRNA instability in AD cases. In another study, the same group found that TDP-43 bound intron 9 of tau pre-mRNA and promoted tau exon 10 inclusion, leading to an increase of the more self-assembly prone *4R-tau* expression (Gu et al., 2017a). Both the N- and C-termini were required to carry out this function as deletion of the last 108 or the first 99 amino acids abolished the ability of TDP-43 in promoting tau exon 10 inclusion.

Role of TDP-43 in the pathogenesis of CTE: Perhaps the most revealing evidence concerning the role of TDP-43 in the pathogenesis of CTE came from a recent study exploring whether the neuritic plaque is necessary and sufficient for the development of tau pathology (Li et al., 2016). It is known in AD that there is a long pre-symptomatic phase during which time neuritic plaques accumulate without significant tau pathology and apparent cognitive impairment. Using a well-established β-amyloidosis mouse model, *APP^swe^;PS1*Δ*E9*, Li et al. (2016) convincingly demonstrated that the neuritic plaque is critical to facilitate the hyperphosphorylation of tau. However, this neuritic plaque-dependent biochemical alteration of tau failed to convert to tangle-like aggregates even in aged mice that were beyond 24 months. Similarly, a human *4R-tau* fragment alone failed to drive the formation of tau tangle. However, when *4R-tau* mice was crossbred with *APP^swe^; PS1ΔE9* to generate compound *Tau4R; APP^swe^; PS1ΔE9 (Tau4R-AP*) mice, *Tau4R-AP* mice exhibited marked neuronal loss in forebrain and hippocampus together with the deposition of neurofibrillary tangles (NFTs). Taken together, their findings strongly argue that in addition to the neuritic plaque, a second-risk determinant is necessary and sufficient to drive the pathological conversion of wild-type tau. Thus, a combination of first- and second-risk determinants are required to initiate and complete the pathological conversion of the wild-type tau (**[Figure 1](#F1){ref-type="fig"}**). This "two-hit" hypothesis could explain well the observation that those pre-symptomatic or mild cognitive impaired patients having substantial β-amyloid accumulation without tau pathology is simply because they fail to harbor the second-risk determinant that is required to drive the conversion of tau. Like the fragmentation of 4R-tau, loss of TDP-43 nuclear function is highly likely to act as a second-risk determinant in AD. Likewise, this model could also explain the pathogenesis of CTE as a multifactorial problem initiated by the trauma induced hyperphosphorylation of tau, followed by activation of a variety of potential second-risk determinants including the loss of TDP-43 nuclear function to drive the pathological conversion of tau (**[Figure 1](#F1){ref-type="fig"}**). Indeed, transcriptome analyses of CTE brains has shown reduced expression of *PPP3CA*, a subunit of calcineurin which dephosphorylates tau (Seo et al., 2017). In addition, cleavage of TDP-43 due to activation of calpain and caspase-3 caused by traumatic brain injury can lead directly to diminished TDP-43 (Yang et al., 2014). Thus, both first- and second-risk determinants exist in CTE. On the other hand, it is known that ALS or FTLD-motor neuron disease (FTLD-MND) has negligible tau pathology in brain or spinal cord. Despite the predominant TDP-43 pathology in both ALS/FTLD-MND, it is very likely an alternative risk allele or factor is missing to cause tau hyperphosphorylation in the first place.

!["Two-hit" model for pathologic conversion of tau.\
The neuritic plaque is required, but insufficient for the pathological conversion of tau in Alzheimer\'s disease (AD). Similarly, traumatic brain injury in chronic traumatic encephalopathy (CTE) is necessary but insufficient to cause tau tangle formation. A second-risk determinant involving a variety of risk alleles/factors including loss of nuclear TAR DNA-binding protein 43 (TDP-43) function, is necessary to facilitate the pathological conversion of the wild-type tau that will eventually lead to neuronal loss and cognitive dysfunction.](NRR-13-985-g001){#F1}

**Conclusions**: Significant progress has been made over the past two decades on the pathogenesis of individual neurodegenerative diseases, including AD, CTE, as well as their distinct neurodegenerative processes. Apart from descriptive postmortem neuropathological studies, different neurodegenerative syndromes have been mainly studied mechanistically in isolation from one another. There has been a lack of concerted effort to ascertain whether and how these pathogenic processes may be linked to one another, a great unmet need in the field. TDP-43 proteinopathy, a pathology first linked to ALS and FTD, is one of the most common non-canonical pathologies observed in AD cases and is strongly associated with worsened neurodegeneration and cognition. Importantly, abnormal TDP-43 inclusions are also found in most CTE brains, suggesting a convergent mechanism of neurodegeneration. Animal models, including vertebrate and invertebrate models (Li et al., 2016; Sun and Chen, 2017) would be great assets to determine whether and how loss of TDP-43 function interacts with canonical tauopathy in AD and CTE. Recent study has demonstrated that TDP-43 is a splicing repressor and this function is compromised in ALS and FTD (Ling et al., 2015). We have recently extended the finding to include such defect in brains of AD cases with nuclear clearance of TDP-43, suggesting that loss of TDP-43 function from neurons, a common shared feature with ALS and FTD, could contribute to pathogenesis of AD (Sun et al., 2017). Remarkably, the observation of cryptic splicing defects in AD brains prior to TDP-43 inclusion formation suggests that these TDP-43 targets may represent early biomarkers of disease or tools to monitor the efficacy of treatment in clinical trials. It would be important to show that cryptic exon incorporation also exists in CTE brains. It will establish that loss of TDP-43-mediated splicing repression represents a key conserved mechanism underling multiple major neurodegenerative disorders. An AAV9-mediated gene delivery approach can be employed in animal models and clinical trials to deliver a chimeric protein comprised of the N-terminal RNA recognition domain of TDP-43 fused to an unrelated splicing repressor (RAVER1), an approached has been validated in mouse embryonic stem cells (Ling et al., 2015). As predicted by the "two-hit" model, therapies directed at the second-risk determinant long before the pathological conversion of tau would greatly slow disease progression by delaying the onset of tau pathology.
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